What is a haploid inducer line?
Haploid inducer lines are routinely used in plant breeding for maize only, and thus represent an exception. Maize haploid inducer lines all derive from a particular genotype discovered in the 1950s that possesses the ability to induce the development of haploid embryos on a maize line of interest upon pollination with the inducer pollen. The pollen from the inducer line triggers the development of the egg cell into an embryo containing only a haploid maternal genome. This process is called in vivo gynogenesis (Figure 2) . Recently, haploid inducer lines have also been created in Arabidopsis thaliana, Brassica juncea and maize by the use of engineered centromeric histone 3 (CENH3) variants. However, this haploid induction method has not been reported in plant breeding programs so far.
How does in situ haploid induction work in maize? All fl owering plants are characterized by a particular way of sexual reproduction called double fertilization. It consists of two parallel fusion events between male and female gametes ( Figure 2 ). The haploid egg cell is fertilized by one haploid male gamete and becomes the diploid embryo. At the same time, the diploid nucleus of the central cell is fertilized by the second haploid male gamete of the same pollen tube to form a seed nutritive tissue, the triploid endosperm (Figure 2 ). Pollination by a maize inducer line results in an atypical fertilization event in which only the central cell is fertilized normally by a male gamete, and the egg cell develops into a haploid embryo lacking the paternal genome (Figure 2 ). Note that after pollination by a maize inducer line, only about 10% of the developing seeds contain a haploid embryo, the remaining 90% are normal diploid embryos.
What are the molecular players behind in situ haploid induction in maize? The inducing capacity of inducer lines has been recently tracked to a 4 bp insertion at the end of the coding sequence of a gene named
NLD/MTL/ZmPLA1 is specifi cally expressed in male gametes and encodes a patatin-like phospholipase A localized at the plasma membrane of the male germ unit. The predicted truncated protein is not detectable in inducer lines and loses its plasma membrane anchorage in a heterologous system. How the biochemical function of NLD/MTL/ ZmPLA1 relates to its inducing capacity is still unresolved, and either a structural or a signaling function has been hypothesized. Whereas loss of NLD/MTL/ZmPLA1 is suffi cient to trigger haploid induction, quantitative trait locus (QTL) analysis demonstrated that additional, currently unknown players take part in the process and infl uence the effi ciency of haploid induction.
What future improvements are needed for DH technology? In plant breeding, and apart from maize, the production of DH plants requires at least an in vitro-based process (Figure 1) , the success of which remains highly species-and genotype-dependent, as well as labor-intensive and time-consuming. Moreover, the DH technology In fl owering plants, sexual reproduction is characterized by a unique biological process named double fertilization, which consists of two separate fusion events between male and female gametes (left). This double fertilization leads to a diploid embryo and triploid endosperm that represent the two major seed components. In the case of fertilization with pollen from a maize 'inducer' line (right), double fertilization is impaired, resulting in seeds containing a haploid embryo with only the maternal genome (gynogenesis).
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has not yet been applied to all breeding programs, and there are still some major crop species (e.g., soybean, tomato, sunfl ower) that are recalcitrant to the currently available procedures, or for which present protocols are not effi cient enough. (2017) . MATRILINEAL, a sperm-specifi c phospholipase, triggers maize haploid induction. Nature 542, 105-109. Liu, C., Li, X., Meng, D., Zhong, Y., Chen, C., Dong, X., Xu, X., Chen, B., Li, W., Li, L., et al. (2017) . A 4-bp insertion at ZmPLA1 encoding a putative phospholipase A generates haploid induction in maize. Mol. Plant 10, 520-522. Ren, J., Wu, P., Trampe, B., Tian, X., Lübberstedt, T., and Chen, S. 
Phase separation in biology

Simon Alberti
Cells have to organize their complex biochemistry to regulate their metabolism and respond to changes in the environment. Traditionally, intracellular organization has been associated with compartments that are surrounded by lipid membranes. However, in recent years, phase transitions have emerged as a novel form of cellular organization. Phase transition is a physical process whereby a substance changes from one physical state to another. Examples are provided by the freezing of water into ice (liquid to solid) or the heating of water to generate water vapor (liquid to gas).
Liquid-liquid phase separation is a special form of a phase transition that is particularly relevant for living organisms. Here, a homogenous solution of molecules spontaneously separates ('demixes') into two coexisting liquid phases, a dense phase that is enriched for these molecules and a phase that is depleted (Figure 1 ). The interface of these dense droplets forms a boundary that allows the selective passage of some molecules but not others. The presence of this interface makes it possible that liquid droplets can function as compartments. Once formed, liquid droplet compartments can also adopt different physical states; they can, for example, harden into gelor glass-like states or they can turn into solid crystals. Thus, phase separation allows the formation of a wide range of compartments with different physical properties.
In this Primer, I introduce the emerging topic of biological phase transitions. I further discuss how cells use phase transitions to regulate biological functions and activities in order to increase their fi tness and chances of survival.
The colloidal nature of cells
The cellular interior is not a wellmixed collection of molecules. Macromolecules are enriched or depleted in certain areas of the Primer cytoplasm and the distribution of these macromolecules is subject to constant change. Early concepts to explain these density fl uctuations proposed a role for local synthesis, anchoring or active transport. Yet these concepts are insuffi cient to explain the complex organization of cells. We now realize that cells can only be properly understood if we also consider the collective properties of biological macromolecules.
Chemists have known for a long time that macromolecules can have collective properties. The science of macromolecular collectives is called colloidal chemistry. One example of a colloid is Jell-O, which is composed of colored water and gelatin, a large, string-like protein. Gelatin dissolves well in hot water; however, when the water is cooled, the gelatin molecules become insoluble and sticky and then form a cross-linked network. The result of this process is a hydrogel.
The concept of viewing cells as colloidal systems was fi rst proposed in the late 19th century by Edmund Wilson. Wilson pointed out that cells appear as if they are densely packed with macromolecular phases or liquid 'coacervates'. Alexander Oparin later considered these coacervates an essential constituent of the primordial soup. However, these initial concepts of cellular organization were eclipsed by the enormous success of reductionist molecular biology. Very recently, however, we have seen a revival of colloidal biochemistry. Key was the realization that cells contain compartments that lack membranes.
Membrane-less organelles
Membrane-less organelles are micronsized cellular structures that consist of large collections of macromolecules, such as RNAs and proteins. Modern imaging approaches are revealing an increasing number of these structures (Figure 2) . One prominent example is provided by the centrosome, which organizes the microtubule network of cells. Another example is provided by processing bodies or P bodies, which store and degrade RNA. Then there is the example of the nucleolus, an assembly line for ribosomes: it has a fi brillar center, where the ribosomal RNA is produced, and two additional intranucleolar compartments, which
